The clinical syndrome of acute optic neuritis has been known for many years though its causes are still uncertain. McAlpine, Lumsden, and Acheson (1965) state that the only common cause of unilateral optic neuritis is multiple sclerosis, but many others have been suggested (Woods and Rowland, 1931; Benedict, 1933; Carroll, 1952; Walsh, 1957; Hierons and Lyle, 1959; Kennedy and Carroll, 1960; and McAlpine et al., 1965, Bjorkenheim, 1966) . Despite this possible diversity of causes the syndrome usually has a stereotyped clinical picture. Blurring of vision in one, or more rarely both, eyes develops rapidly and usually increases over a few days, sometimes to complete loss of vision. Central vision is particularly affected. Pain in and around the affected eye, exaggerated by eye movement, is common. In any one attack final recovery of sight is usually good.
In the present paper the degree of recovery of vision, its time course, and the features of the acute attack which may indicate the prognosis are considered in a series of 73 cases seen in the Department of Neurology, United Oxford Hospitals, between 1946 and 1966 . The association between optic neuritis and multiple sclerosis is reviewed in another paper (Bradley and Whitty, 1967) .
The definition of acute optic neuritis is a clinical one. For inclusion in the present series we required the acute onset of blurred vision in one or both eyes, with a central, paracentral, or centrocaecal scotoma, which had no demonstrable local cause such as intracranial tumour, arterial obstruction, or retinal lesion and with no other preexisting or coexisting neurological signs. We included cases with and without papilloedema, since the distinction is at times tenuous and the course similar in each group.
MATERIAL
The case histories of 123 patients initially diagnosed as acute optic neuritis were examined. Fifty cases were excluded: 27 because ofinsufficient information; 10 with another later established diagnosis; seven with preexisting neurological disease (see Table I ); and six with a typical history but an atypical field defect. These last six and a further six whose visual fields had not been charted were analysed separately and will be mentioned below. Seventy-three patients were left for our main analysis, 52 unilateral and 21 bilateral at some time (Table II) . Three patients were known to have died, four had emigrated, and 13 could not be traced. The remaining 53 were re-examined; the period of follow-up ranged from six months to 20 years, the average being 7-4 years.
FINDINGS
In addition to analysing the data on the whole group of 73 patients, subgroups shown in Table II were separately analysed. No significant differences were detected and these subgroups will not be mentioned again. For studying the factors affecting the return of vision, a method has been devised for plotting acuity as a continuum related to time. The assumption has been made, and is supported by the figures we have, that the acuity changes in a linear fashion between two measurements. Thus, if the acuity was 6/18 two weeks after the onset of the attack, and 6/9 four weeks later, by interpolation the acuity four weeks after the onset of the attack will be 6/12. This assumption is only warranted if the number of points for interpolation, and the difference between the two measured acuities are small. Thus, if the acuity was 6/60 five days after the attack and 6/6 six months later, interpolation is imp6ssible, and the measured acuities alone have been used. Measured and interpolated acuities after the attack have been summated at times which are arbitrary, but based on the times for which known measurements are most available, and collected into three groups of good vision (6/6 and 6/9), fair vision (6/12 up to and including 6/36), and poor vision (6/60 or worse). These are plotted as a histogram in Figure 4 . This shows that the few cases seen on the first day of the attack deteriorated for a few days, though 60% had poor vision on the first day. By   FIG. 4 the end of the first week, vision was improving, though 40% still had poor and another 40% only fair vision. By a month, vision had returned to normal in half the patients, and by six months it was normal in three-quarters of them. Thereafter there was a slow but steady improvement in those with impaired acuity. Unilateral and bilateral optic neuritis showed similar curves; and neither sex, nor the occurrence of pain, nor papilloedema had any effect. It is important to note that there is no evidence that papilloedema carries a worse prognosis for vision.
The return of vision was only slightly worse (as shown by a slower recovery and final lessened acuity) in the group whose visual acuity at its lowest was 6/60 or below, compared with those whose lowest acuity was 6/18 to 6/36 (Fig. 5) . The acuity changes were not affected by age of onset, except that acuity was slightly slower in recovery after 50. Right-sided attacks seemed to have a slightly poorer prognosis (Fig. 6) . At the time of the follow-up examination 27% still had evidence of scotomata. In most patients this was simply an area of relative dimness: and in two-thirds of them visual acuity was normal.
siNusriTs Skull or sinus radiographs at the time of the attack of optic neuritis were available in 43 cases. Twelve (28 %) were reported as showing a sinus abnormality such as opacity of one or other sinus, mucosal thickening, or a fluid level. By comparison only one of a random series of 50 skull radiographs on epileptics admitted to the Department was reported as showing sinus abnormalities.
Of 44 patients questioned at the follow-up examination, 11 (25 %) gave a history of sinusitis at some time, 33 denied it: while of 132 unselected neurological outpatients questioned, 29 (22%/) gave such a history.
Neither a history nor radiographic evidence of sinusitis appeared to affect the incidence or severity of changes in visual acuity, nor the proportion having normal or abnormal optic discs.
DISCUSSION
After reviewing the records of 123 cases diagnosed as optic neuritis we rejected 50 on the grounds of insufficient diagnostic information or failure to fulfil our definition of optic neuritis given earlier.
We were thus left with a homogeneous group of 73 cases for further analysis.
Of the cases rejected, six conformed to our definition except that their visual field defect was atypical. This figure is similar to the 4% of atypical field defects found by Chamlin (1953) , who included these as optic neuritis in his series. If acute optic neuritis is in fact a single aetiological entity our six cases should probably be included. The argument for making a particular type of field defect essential for the diagnosis is weakened by the number of known causes for central scotomatous defects which have been described. Macular and retinal lesions, inflammation of the optic nerve due to syphilis and sinusitis, mechanical lesions of the chiasm and raised intracranial pressure, demyelinization, extrinsic poisons, metabolic diseases, vitamin deficiencies, and allergic conditions, together with hereditary optic atrophy, have all been reported to cause such scotomata (Watkins, 1939; Walsh and Ford, 1940; Kennedy and Carroll, 1960; Kelly, 1962; Joseph and Berkman, 1965; McAlpine et al., 1965; Bjorkenheim, 1966) .
In addition to our six cases with atypical fields, a further six did not have visual fields charted and were also rejected. Separate analysis of the visual acuity in these 12 patients revealed findings, in the acute attack and on follow-up, similar to those in the homogeneous group of 73. This casts doubt on the necessity for a particular type of field defect in the clinical diagnosis of the condition. It seems probable that all 12 of our excluded cases would have been included in the series of Chamlin (1953) and of Hyllested and M0ller (1961) . However, fewer with atypical field defects later developed multiple sclerosis (Bradley and Whitty, 1967) , which suggests that 'acute optic neuritis' is of mixed aetiology.
In the present series females constitute 63% of all cases, a figure similar to the 65% found by Adie (1932) , the 68% by Leibowitz, Alter, and Halpern (1966) , and the 62 % by Hyllested and Moller (1961) . However, Benedict (1942) had only 48% of females in his series and Marshall (1950) 47%. The age distribution was similar in the present series to that found by previous authors. Taub and Rucker (1954) found that cases occurred less frequently in the months November to March inclusive. In the present series asimilar preponderance is noted between April and July. In neither series was the relationship statistically significant, but by combining the figures from both it becomes so at the 1 % level (V6 = 3'38; David and Newell, 1965) . The seasonal incidence of diseases supposedly due to virus infection has long been of interest, and recently Lee (1962) has drawn attention to it in leukaemia: and has pointed out that internal changes, such as hormonal levels, may also operate within this seasonal factor. Lynn (1959) referred to the difficulty in establishing objective criteria of fundal appearance, and cast doubts on reports of differing proportions of fundal oedema in optic neuritis. Thus, she found all her patients had some abnormalities of the discs, while Adie (1932) found abnormalities in nearly a third. Blurred discs were found in 9% by Benedict (1942) , in 8% by Sachs and Friedman (1922) , and in 7% by Adie (1932) . Measurable papilloedema is perhaps less subject to error, and was once thought to be rare in optic neuritis. However, the percentage of papilloedema in large series of cases ranges from 2 to 19 (Adie, 1932; Marshall, 1950; Schlossman and Phillips, 1954; Taub and Rucker, 1954; Hyllested and M0ller, 1961) and in the present series it was 13. In children, Kennedy and Carroll (1960) found that 73 % had 'papillitis'. This would include papilloedema and blurred discs, a combination for which our figure was 41 %.
The mechanism of the disc changes is not clearly established. Rosenfeld (1904) invoked an anatomical factor and suggested that changes such as demyelinization immediately behind the globe might cause papilloedema while similar changes retroorbitally would not. Brain (1934) supported this view. Swelling of the nerve at the optic foramen might certainly be expected to produce secondary compression and engorgement. However, Gartner (1953) , from pathological studies, has cast doubts on this. In our cases the fundal appearances tended to be similar in the two eyes when bilateral neuritis occurred, either simultaneously or separately. This could be explained either by a similarity in point of attack in each eye, or by some individual factor in intraorbital anatomy which caused disc changes to appear in one person and not in another, in response to the common insult of optic neuritis. However, if the stereotyped picture of optic neuritis as defined is not considered due to a common cause, then variation of cause could account for variation of disc changes. It is worth emphasizing that our figures lend no support to the view suggested by Walsh (1957) that the presence of papilloedema, blurred discs, or haemorrhage carries a worse prognosis for visual recovery.
The cause of pain in optic neuritis is not known. It seems likely to be related to involvement of painsensitive structures in the optic nerve, the globe, or other intraorbital structures, since eye movement and pressure aggravate it. The presence of pain does not indicate a more extensive lesion since it showed no correlation with changes in visual acuity. The increased frequency of oedematous discs in those with pain may indicate that it is related to engorgement and tension in the optic nerve bundle. Pain was reported more frequently in the present series (68%) than by Marshall (1950) who found it in only 35% of his cases and by Benedict (1942) who found it in half of his.
Our findings suggest that the ultimate prognosis for vision is good. By a month after the attack half the cases, and by six months three-quarters, have normal vision again. Surprisingly, the depth to which visual acuity sinks in the attack has only a small effect on this favourable prognosis (see Fig.  5 ). Hyllested and M0ller (1961) Lynn (1959) produced evidence that the age at onset of the attack affects recovery of vision. Assessing acuity six to 10 years after the attack in 200 cases she found that in those under 30 years of age at the time of attack 70 % had good vision, while this was true of only 54% of those over 30. In the present series, the prognosis was slightly worse in the over-50-year-old group but, apart from this, youth had no effect. Lynn (1959) also noted that acuity reached a maximum in the period from six to 10 years after an attack, being woise both before and after this. This may have been due to inclusion of those with recurrent attacks, for there is no evidence of a later worsening of acuity in the present series. Wybar (1952) found complete colour blindness in 11 of his 25 cases of optic neuritis, up to 20 years after the initial attack; a further five had some impairment of colour vision. Lynn (1959) found bilateral red/green defects in 61 of 129 cases with a history of unilateral attacks. Several patients in the present series commented that everything still looked grey and colourless to the affected eye, but formal colour vision testing was not done. The proportion with residual scotomata in this series (27 %) is less than the 40% found by Hyllested and M0ller (1961) and the 61 % of Wybar (1952) . The follow-up period was similar in all the studies.
The relationship of paranasal sinusitis to optic neuritis has caused much debate in the past. Brain (1934) Bilateral attacks of optic neuritis occurred in 29% of our cases. The whole subject of bilateral optic neuritis has been reviewed recently by Hierons and Lyle (1959) . Estimates of its frequency range from that of Adie (1932) , who found only one case in the series of 70, to that of Schlossman and Phillips (1954) who recorded 46%. Bilateral attacks may be more common in children (Brain, 1934; Meadows, 1954; Kennedy and Carroll, 1960) . Marshall (1950) found that males had bilateral attacks more frequently than females but again this was not confirmed in the present series.
It would be interesting to know if cerebrospinal fluid abnormalities had any prognostic significance for recovery of visual acuity. The fluid is reported as abnormal in from 15% (Carroll, 1952) to 33% in the present series (Table IV) . No views have been expressed by others on this point, and an insufficient number have been examined in our cases to provide an answer. We conclude from this review that the prognosis for recovery of vision in acute optic neuritis is good. After one month 50% had normal vision and after six months 75%. Of 41 examined two years after the attacks, vision was normal in 78 %, while at four years, of 33 examined 85 % were normal: and there was evidence that improvement could continue for longer periods. The outlook was unaffected by fundal appearances, pain, bilateral incidence, or radiographic evidence of sinus abnormality in the acute attack, or by sex. In those over 50, and, Seventeen per cent of cases had papilloedema or haemorrhages in the affected eye, while a further 24 % had a blurred optic disc. Pain around the affected eye occurred in 68 %.
The time of recovery of vision has been plotted for each patient. Recovery of normal vision occurred in half the cases within one month and in threequarters within six months of the onset. Prognosis was unaffected by fundal appearances, pain, unilateral or bilateral incidence, and the presence of radiographic evidence of sinus abnormality at the time of the attack, or by sex. It appeared to be worse in those over 50, and with attacks in the right eye.
Twenty-eight per cent of skull radiographs taken at the time of the attacks showed paranasal sinus abnormalities. Twenty-five per cent of this series and 22 % of a controlled series of unselected neurological outpatients reported attacks of sinusitis in the past.
